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Abstract: In the present study, the streamflow simulation capacities between the Soil and Water
Assessment Tool (SWAT) and the Hydrologic Engineering Centre-Hydrologic Modelling System
(HEC-HMS) were compared for the Huai Bang Sai (HBS) watershed in northeastern Thailand. Dur-
ing calibration (2007-2010) and validation (2011-2014), the SWAT model demonstrated a Coefficient
of Determination (R?) and a Nash Sutcliffe Efficiency (NSE) of 0.83 and 0.82, and 0.78 and 0.77, re-
spectively. During the same periods, the HEC-HMS model demonstrated values of 0.80 and 0.79,
and 0.84 and 0.82. The exceedance probabilities at 10%, 40%, and 90% were 144.5, 14.5, and 0.9 mm
in the flow duration curves (FDCs) obtained for observed flow. From the HEC-HMS and SWAT
models, these indices yielded 109.0, 15.0, and 0.02 mm, and 123.5, 16.95, and 0.02 mm. These results
inferred those high flows were captured well by the SWAT model, while medium flows were cap-
tured well by the HEC-HMS model. It is noteworthy that the low flows were accurately simulated
by both models. Furthermore, dry and wet seasonal flows were simulated reasonably well by the
SWAT model with slight under-predictions of 2.12% and 13.52% compared to the observed values.
The HEC-HMS model under-predicted the dry and wet seasonal flows by 10.76% and 18.54% com-
pared to observed flows. The results of the present study will provide valuable recommendations
for the stakeholders of the HBS watershed to improve water usage policies. In addition, the present
study will be helpful to select the most appropriate hydrologic model for humid tropical watersheds
in Thailand and elsewhere in the world.

Keywords: Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS); Huai Bang
Sai (HBS) watershed; streamflow; Soil and Water Assessment Tool (SWAT)
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1. Introduction

Water resource management and operational hydrology require reliable predictions
of water balance components including runoff, evapotranspiration, infiltration, and
groundwater flow. Hydrologic models are used for the planning of water resources [1-3],
for flood predictions [4-6], to understand the hydrology due to changes in land use and
climate [7,8], for water quality monitoring [9], to formulate aquifer recharge management
strategies [10], to design hydraulic infrastructure [11], for ecological restoration design
[12], etc. The evolvement of computer technology and programming has benefited re-
searchers, academia, and commercial-based companies to develop different software to
simulate watershed processes. The Soil and Water Assessment Tool (SWAT) [13], the Hy-
drologic Engineering Center-Hydrologic Modeling System (HEC-HMS) [14], the Hydrol-
ogiska Byrans Vattenbalansavdelning (HBV light) model [15], the J2000 model [16], the
GR4] model [17], the Hydrologic Simulation Program FORTRAN (HSPF) model [18], and
the MIKE-SHE model [19] are some of the widely used hydrologic models used in differ-
ent regions of the world today [20].

In this study, the widely used SWAT and the HEC-HMS hydrologic models were
used to compare the streamflow simulation capacities in the Huai Bang Sai (HBS) water-
shed, which flows into the greater Mekong River. These two hydrologic models have been
frequently used in tropical regions by many researchers [21,22]. The HEC-HMS model is
a lump-based model, while the SWAT model is a semi-distributed model. Lump-based
models consider the total basin as a “single homogeneous element”. On the other hand,
the semi-distributed models discretize the drainage basin into homogeneous units of land-
form, soil, and topography of the watershed [23]. Hence, in the present study, the hypoth-
esis tested was whether the spatial discretization of the watershed through different hy-
drologic models had an impact on the response to the streamflow simulation.

It is noteworthy that hydrologic models that were developed in environments were
later applied in watersheds that had different climatic and watershed characteristics than
they were originally developed for. For instance, Gunathilake et al. [24] and Chathuranika
et al. [25] used the HEC-HMS model to simulate streamflow in the Seethawaka and Nil-
wala watersheds in Sri Lanka. However, the HEC-HMS was developed for the temperate
climatic conditions of the USA. This model is widely used and was developed by the
United States Army Corps of Engineers (USACE). In another study, the SWAT model de-
veloped by the Agricultural Research Services of the United States Department of Agri-
culture, (originally developed for the temperate climatic conditions in the USA) was ap-
plied in the sub-humid tropical Indian region by Shekar and Vinay [26]. Phomcha et al.
[27] applied the SWAT model to the Lam Sonthi tropical watershed in Thailand and found
that the model was able to simulate sediments accurately. Phomcha et al. [27] stated that
although the SWAT model can be simulated with a small amount of input data, some of
its model algorithms are inefficient for tropical watersheds. Supakosol and Boonrawd [28]
and Rossi et al. [29] used the SWAT model to simulate streamflow in the Nong Han lake
basin and Mae Nam Chi in Yasothon in northeastern Thailand. Furthermore, the HEC-
HMS model was used by Kuntiyawichai et al. [30] to simulate flow into the Ubol Ratana
reservoir in northeastern Thailand. These results showcased that both these models are
capable of simulating streamflow in watersheds of northeastern Thailand.

Shekar and Vinay [26] conducted a comparison study for HEC-HMS and SWAT for
a river basin in India and demonstrated that the SWAT model outperformed the HEC-
HMS model. On the contrary, Aliye et al. [31] showcased that the HEC-HMS model per-
formed better than the SWAT model for the Ethiopian Rift valley lake basin. A similar
comparison study was carried out in the Srepok river basin in Vietnam by Khoi [32]. The
results of this study inferred that the SWAT model outperformed the HEC-HMS. How-
ever, Ismail et al. [33] reported that the HEC-HMS model outperformed the SWAT model
in the tropical Bernam river basin in Malaysia. The above studies indicate that the hydro-
logical performance of models should be determined for the individual watershed for its
suitability.
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As it was stated in the preceding paragraphs, streamflow computation is highly im-
portant to major streams and rivers in a watershed. Even though the field measurements
are highly accurate, the logistic difficulties might devalue the field measurements. Hourly
instrument usage is not an easy task for a major catchment. Therefore, computational
modeling is convenient in this situation. However, the streamflow calculations from dif-
ferent computational models can have some mismatches to the ground-measured stream-
flows. Therefore, identification of the best suited hydrologic model for a particular water-
shed is important in the context of streamflows.

This study presents the comparative analysis of SWAT and HEC-HMS hydrologic
models in the HBS of northeastern Thailand. The overall idea of the comparative analysis
is to investigate the capabilities of streamflow calculations by the two widely used com-
putational models. Both models were calibrated between 2007 and 2010 (for 4 years) and
validated from 2011 to 2014 (for 4 years) at the same discharge station. The hydrologic
model statistical performances for both models were examined using the Coefficient of
Determination (R?) and the Nash Sutcliffe Efficiency (NSE). Error in Peak flow, Percentage
Error in Volume (PEV) were calculated to compare the performances of both models.
These parameters were investigated to determine the streamflow computational capabil-
ities. In the present study, the hypothesis tested was whether the spatial discretization of
the watershed through different hydrologic models had an impact on the response to the
streamflow simulation. The results of the present study will essentially provide valuable
recommendations and insights to select the most appropriate hydrologic model simulat-
ing rainfall-runoff processes of the tropical humid northeastern part of Thailand. The re-
search findings would also be useful for the policymakers to take necessary actions to
achieve sustainable water resource management.

2. The Study Area and Data Required

The HBS watershed is a sub-catchment of the greater Mekong River watershed,
which is in northeastern Thailand. This region is situated at the Thailand-Lao PDR border
(neighboring the Mekong River) on the eastern side. The HBS drains an area of 1340 km?
before joining the Mekong River near Mukdahan town (refer to Figure 1). The HBS wa-
tershed lies between 16°35' N-16°55" N and 104°02’ E-104°44’ E. The altitude of the HBS
watershed varies between 140 and 640 m above mean sea level (AMSL). This area receives
a mean annual precipitation of 1200 mm with the majority of this received during the
southwest monsoon season from May to September. Dense deciduous forests are the pri-
mary land use type of the area, and it covers nearly 68% of the catchment. Other main
land use types in the area are cassava, sugarcane, and rubber plantations (refer to Figure
2a). Forest cover deterioration due to the cultivation of cash crops and the reduction in
soil and water quality are identified as the key environmental problems during the last 30
years in the region. This phenomenon has happened due to poor soil and water conserva-
tion practices [34]. Hang Chat is the primary soil type in the catchment. It has a loamy
sand texture and belongs to the hydrologic soil group C (loamy sand nature) of the
“United States Department of Agriculture” (USDA)'’s soil classification. Figure 2b repre-
sents the soil distribution map of the HBS watershed.
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Figure 1. Location and topography map with hydrometeorological stations in Huai Bang Sai water-

shed in northeastern Thailand.

104°10'0"E 104°20°0"E 104°30'0"E 104°40'0"E
’ L h "

z z
g 8
27 [a
© o
= z
g g
27 s
o o

Legend

[ Abandoned Field Crop [ | Farm Pond

I Rice B Grass
z ) )
£ Il Bamboo [ Mixed Field Crop z
21 | cassava Bl Vixed Orchard Frs
2 | M Dense Deciduous Forest [T77] Para Rubber 0 3 12 18 2 @

I Eucalyptus I sugarcane ——— =

I Factory

104°10'0°E 104°20'0"E 104°30'0°E 104°40'0"E



Fluids 2022, 7, 267

5 of 15

104'1‘0'0"E 104’2|0'n"E 104‘3‘0'0"E 104’4In'0"E

15"5?'0"’1
T
16°50°C"N

|G“4El' 0"N
T
16°40°0"N

Legend
[ Hang Ghat (Loamy Sand)
I Fhon Phisai (Sandy Loamy)

[ Miscellanecus Area (Loamy Sand)
[ slope Complax (Loamy Sand)
] san Patong {Loamy Sand)

B - San Sai (Sandy Loamy)

16°30°0"N
T
167300"N

T T T T
104%10°0"E 104°20°0"E 104300 E 104°40°0"E

Figure 2. (a) Land-use map and (b) soil distribution map for the HBS watershed.

Figure 1 shows the locations of the rain gauges and the flow gauge in the study area.
Daily rainfall data were obtained from the “Royal Irrigation Department” (RID), Thailand
for Dong Luang, Wan Yai, Tong Khop, Mukdahan, and Huai Ta Poe stations for 8 years
(from 2007 to 2014). Daily temperature records were obtained for a similar period from
“Thai Meteorological Department” (TMD) from the nearby meteorological stations. Sim-
ilarly, daily streamflow data for station kh.92 (Ban Kan Luang Dong) were also collected
from RID. The land use types for the year 2015 were obtained from the Land Development
Department (LDD) of Thailand with a 500 m resolution, and in a 1:50,000 scale. Soil data
for 2015 were also acquired from the LDD of Thailand with a 1 km resolution, and in a
1:100,000 scale. “Digital Elevation Model” (DEM) of 30 m resolution was downloaded
from the “United States Geological Survey” (USGS) website; https://earthex-
plorer.usgs.gov/ (accessed on 31 June 2022).

3. Rainfall-Runoff Modelling of the HBS Watershed

This study compared the performance of HEC-HMS and SWAT hydrological models
to simulate streamflow at the kh.92 hydrological station from 2007 to 2014. For the present
study, a HEC-HMS model was developed, and the model was compared with the SWAT
model, which was developed previously by Babel et al. [21].

Both the HEC-HMS and SWAT models are capable of continuous simulations [35].
These models simplify water resource systems for ease of understanding of the model
behavior. Understanding the components of the hydrological cycle including surface run-
off, infiltration, evaporation, transpiration, and precipitation is of prime importance in
hydrologic modeling studies.

In the case of the HEC-HMS model, the HEC-GeoHMS and Archydro tools were used
to delineate and calculate the physical and drainage characteristics of the watershed. They
were used in the HEC-HMS model as inputs for the initial simulation. The whole water-
shed was delineated into 12 sub-watersheds considering nearly equal surface areas for
each sub-watershed. HEC-HMS model development process includes four main compo-
nents namely, basin model, input data (time series, paired and gridded data), meteoro-
logical model, and control specifications [36,37]. The basin model connects sub-water-
sheds, reaches, junctions, diversions, reservoirs, etc., to create a drainage system [38]. The
time interval for a simulation is controlled by control specifications [39]. In this study,
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climate data were added to the meteorological model to distribute them spatially and tem-
porally over the watershed through the Thiessen polygon method. Time series data of
precipitation, temperature, and streamflow data in a daily step were included in the
model. The HEC-HMS model was calibrated from 1 January 2007 to 31 December 2010
and validated between 1 January 2011 and 31 December 2014. A sensitivity analysis was
conducted by considering the changes in the percentage error in runoff volume (PEV).
The normalized objective function (NOF), the Nash Sutcliffe Efficiency (NSE), the percent-
age of bias (PBIAS), and the Coefficient of Determination (R?) were used to determine the
statistical performance of the HEC-HMS model on a daily and monthly basis. If the sim-
ulated values exactly match with the observed values, NOF, NSE, PBIAS, and R? would
be equal to zero, one, zero percent, and one, respectively. These skill matrices were calcu-
lated using the following equations from (1) to (4) [40,41].

n

11
NOF == EZ(Oi - 5)2 @D

i=1

X1=1(S; — 0)?
NSE =1-2E12 10 2
TS0 -0p ©
n (S, — 0

PBIAS = %0_’) X 100% (3)

i-1Y1

nZ 0,:.5,: —ZOLSL

(Jrzon - o) x(|h@sh - @sy?)
where O; = observed discharge, S; = simulated discharge, n = number of observed or
simulated data points, and O =mean of the observed discharge.

R? =

(4)

4. Development of Hydrologic Models
4.1. SWAT Model Development

The SWAT model, which operates in daily time steps was developed by the Agricul-
tural Research Services (ARS) division of the USDA [42]. This model is efficient in as-
sessing hydrological processes and non-point source pollution at different spatial scales.
The SWAT model divides a watershed into multiple watersheds, and then further discre-
tizes into hydrologic response units (HRUs) consisting of a combination of similar land
use, soil, and slope characteristics [43]. HRUs also represent sub-basin area percentages
and they are not recognized spatially within a model simulation [44]. The water balance
equation (refer to Equation (5)) is the governing equation in the SWAT model [45].

t

SWy = SW, + Z(Rday - qurf — ET, — I/l/seep - ng) ©)
i=1
where SW; = final soil water content (mm), SW, = initial soil water content (mm), t =
time (days), Rg4q, = amount of precipitation (mm), Qg = amount of surface runoff
(mm), ET, =amount of evapotranspiration (mm), Ws.., =amount of water entering the
vadose zone from the soil profile (mm), and @, =amount of return flow (mm).

Babel et al. [21] developed the SWAT model for the HBS river basin using the SWAT
2012 version. In this previous study, firstly, the entire watershed was delineated into 7
sub-watersheds in the model setup process. Then, these sub-basins were subdivided into
797 HRUs. Afterward, the model was calibrated from 1 January 2007 to 31 December 2010
(4 years) and validated from 1 January 2011 to 31 December 2014 (4 years). A warm-up
period of 3 years (1 January 2004 to 31 December 2006) was considered to equilibrate be-
tween various water storages in the model. Streamflows observed at the kh.92 hydrolog-
ical station were used for hydrologic model development. A sensitivity analysis was con-
ducted through the manual calibration process. SWAT Calibration and Uncertainty Pro-
cedures (SWAT-CUP) were initially used to identify the most sensitive parameters to
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streamflow. In the SWAT model developed through the previous study, surface runoff
was predicted by the Soil Conservation Service Curve Number (SCS-CN) method. More-
over, the potential evapotranspiration was calculated by the Hargreaves method.

Initially, the Digital Elevation Model (DEM) of the HBS watershed was delineated
into sub watersheds by the watershed delineation tool available in SWAT. Thereafter, the
reclassified land use and soil maps were used as input in the SWAT model. Then, the
weather data were inserted to run the model. Finally, the observed streamflow data at
kh.92 was used to calibrate the model.

4.2. HEC-HMS Model Development

A well-calibrated model depends upon the technical abilities of the hydrological
model as well as the quality of the input data. The HEC-HMS model for the HBS water-
shed was manually calibrated for daily streamflow predictions for the period 2007-2010
by comparing the observed streamflow for the peaks, timing, and runoff volumes.

In order to determine the critical parameters affecting the calibration of the rainfall-
runoff model, a sensitivity analysis was carried out. One parameter was varied at a time
between —50% and 50% within the augmentations of 10% [4]. This was performed while
keeping other hydrological parameters constant until the best agreement between ob-
served streamflow and simulated streamflow was achieved. The soil percolation (mm/hr),
impervious percentage (%), soil storage (mm), and groundwater 1 storage (mm) are found
to be the most sensitive parameters.

5. Results and Discussion
5.1. Results from the HEC-HMS Model

Figure 3 depicts the “percentage error in runoff volume” (PEV) for the calibration
period (2007-2010).
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Figure 3. Sensitivity analysis of the HEC-HMS model for the calibration period (2007-2010).

The HEC-HMS model produced a reasonable agreement between observed and sim-
ulated discharges on daily and monthly time scales. Figure 4 depicts the daily hydrograph
comparison of simulated and observed discharges at kh.92 hydrological station for the
calibration (January 2007-December 2010) and validation (January 2011-December 2014)
periods. The HEC-HMS model underestimated observed streamflow in certain time
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periods. During calibration and validation, the model underestimated the water volume
by 14.43% and 16.62%, respectively. Optimized values for the HBS watershed are pro-
vided in Table 1. The model validation results proved that there was an acceptable agree-
ment between observed and simulated hydrographs for the period between January 2011
and December 2014. Among the different loss methods available in the HEC-HMS model
for the present study, the soil and moisture accounting method, which is capable of sim-
ulating continuous events, was used. The direct runoff was simulated by the Clark Unit
Hydrograph. The recession method was used to simulate baseflow, while flow routing
was carried out by the Muskingum method.
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Figure 4. Comparison of daily observed and simulated streamflows at kh.92 for the 2007-2014 pe-

riod from the HEC-HMS model.

Table 1. Optimized parameters of HEC-HMS model.

Method Parameter Unit Optimized Value
Soil Percentage % 70
Groundwater 1 % 45
Groundwater 2 % 82
Max. Infiltration mm/hr 4.5
Impervious Percentage % 16.2
Soil Storage mm 276
. ) . Tension Storage mm 30
Soil Moisture Accounting Soil Percolatifn mm/hr 0.42
GW 1 Storage mm 9
GW 1 Percolation mm/hr 0.675
GW 1 Coefficient hr 120
GW 2 Storage mm 100
GW 2 Percolation mm/hr 1
GW 2 Coefficient hr 100
. Time of Concentration hr 10
Clark Unit Hydrograph Storage Coefficient hr 42
Initial Discharge m3/s 0.1
Recession Recession Constant 0.35
Ratio to Peak 0.4
. K hr 0.02
Muskingum N 03
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The statistics obtained during the calibration and validation of the HEC-HMS model
are given in Table 2 below. The statistical indicators including NOF, NSE, PBIAS, and R?
were calculated to evaluate the model performance. Skill metrics for calibration and vali-
dation on a daily basis for different metrics including NOFs of 1.52 and 1.58, NSEs of 0.70
and 0.60, PBIAS of 14.44% and 16.63%, and R? of 0.70 and 0.55, respectively. Monthly skill
performance for calibration and validation presented better performance compared to the
daily performance, which was calculated for NOF as 0.71 and 0.80, NSE as 0.79 and 0.82,
and R? as 0.80 and 0.84. PBIAS demonstrated an underestimation in both calibration and
validation periods. Moreover, daily and monthly R? values are found to be higher than
0.5, while NSE values were found to be greater than 0.60. The NOF was closer to zero. The
obtained results demonstrated that the model is acceptable for use in hydrological studies.

Table 2. Statistical performance criterions during calibration and validation for the HEC-HMS
model.

Daily Monthly
NOF NSE PBIAS R? NOF NSE PBIAS R?
Calibration (2007-2010) 152 070 -1445 070 0.71 079 -1445 0.80
Validation (2011-2014) 158 0.60 -16.63 055 080 0.82 -16.63 0.84

Cluster

5.2. Streamflow Prediction Capacities between the HEC-HMS and SWAT Models

The streamflow predictions of HEC-HMS were compared with that of SWAT [21] for
the HBS watershed.

The monthly observed and simulated streamflows for the period 2007-2014 for the
HBS watershed using the HEC-HMS and SWAT models are depicted in Figure 5. Both
models performed fairly well although with few discrepancies. The times to peak of sim-
ulated discharges from the two hydrological models were comparable. The highest ob-
served monthly discharge at kh.92 during the 20072014 period happened in August 2011
and this peak discharge was underestimated by the HEC-HMS and SWAT models by
26.62% and 15.98%. Moreover, a reasonable amount of flood peaks were captured from
the SWAT model compared to the HEC-HMS model. The total water volume from the
2007-2014 period has been underestimated through the HEC-HMS and SWAT simula-
tions by 17.76% and 12.37%. In addition, the monthly statistical performances for R? and
NSE obtained by Babel et al. [21] were 0.83 and 0.82 during the calibration (2007-2010)
and 0.78 and 0.77 for validation (2011-2014) from the SWAT model. During the same pe-
riods, the values obtained for the same metrics from the HEC-HMS model were 0.80 and
0.79 and 0.84 and 0.82. Therefore, the SWAT model statistically performed well during the
calibration period (2007-2010).
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Figure 5. Comparison of observed and simulated hydrographs for the HEC-HMS and SWAT mod-
els for the period 2007-2014 of the HBS watershed.

Figure 6 illustrates scatter plots for the HEC-HMS and SWAT models after the opti-
mization for the kh.92 hydrological station considering monthly simulated and observed
streamflows under calibration (2007-2010) and validation (2011-2014) periods. Simulated
and observed values are well distributed along the uphill and downhill compared to the
1:1 line for both models. Some points can be seen along the 1:1 lines as well. Therefore,
predictive capacities for both models show satisfactory agreement during calibration and
validation periods. Linear graphs for the calibration period (2007-2010) are very close to
the 1:1 line for both models and HEC-HMS shows a better performance compared to the
SWAT model if both hydrological models are exactly matched, then the green color linear
curve in Figure 6c should be on the 1:1 line. This gap represents the strengths and weak-
nesses of both models. The HEC-HMS and SWAT models performed similarly while
providing a few months of contradictory results. Through visual inspection, it is clear that

the SWAT model was able to catch higher monthly flows compared to the HEC-HMS
model.
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Figure 6. Scatter plots for monthly data comparing between: (a) simulated streamflow by HEC-HMS
model versus observed streamflow in mm for calibration and validation; (b) simulated streamflow
by SWAT model versus observed streamflow in mm for calibration and validation; (c¢) simulated
streamflow by SWAT model versus simulated streamflow by HEC-HMS during the 2007-2014 pe-
riod.

Flow duration curves (FDCs) were created to compare high flows (10% exceedance),
medium flows (40% exceedance), and low flows (90% exceedance) for simulated monthly
discharges through the HEC-HMS and SWAT models and observed monthly discharges
at the kh.92 hydrological station in the HBS catchment during the 2007-2014 period. Fig-
ure 7 illustrates the magnitude of observed monthly streamflows for 10%, 40%, and 90%
exceedance percentages as 144.5, 14.5, and 0.9 mm. Simulated monthly discharges show
exceedance probabilities of 10%, 40%, and 90% as 109.0, 15.0, and 0.02 mm for the HEC-
HMS model and 123.5, 16.95, and 0.02 mm for the SWAT model, respectively. This infers
that the SWAT model can capture high flows compared to the HEC-HMS model for the
2007-2014 period. Medium flows can be obtained through the HEC-HMS model more
accurately compared to the SWAT model. Both models provide similar performance for
the generation of low flows within the considered duration.

I

]
|
]

10 20 30 40 50 60 70 80 90 100

Percentage Exceedance (%)
SWAT —HEC-HMS - - -Observed

Figure 7. FDCs for monthly simulated streamflows by the HEC-HMS and SWAT models compared
to the observed monthly streamflow within the period 2007-2014.
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Figure 8 shows the mean seasonal discharge for the HEC-HMS and SWAT models
with the observed mean seasonal discharge at kh.92 hydrologic station for the 2007-2014
period. Northeastern Thailand has two major rainfall seasons, namely the dry (November
to May) and wet (June to October) seasons. The SWAT and HEC-HMS models performed
with under-predictions compared to the observed for dry and wet seasons as 2.12% and
13.52%, and 10.76% and 18.54%, respectively. Therefore, the SWAT model performed
moderately well compared with the HEC-HMS model on a seasonal basis for the HBS
watershed, Thailand. Lacombe et al. [46] stated that northeastern Thailand receives ap-
proximately 80-90% of annual precipitation from May to October and above.

100

80

60

40

20

Mean seasonal discharge {(mm)

Dry

SWAT EHEC-HMS EObserved

Figure 8. Mean seasonal discharge for observed as well as the HEC-HMS and SWAT models for the
period 2007-2014.

In fact, in the SWAT model, the precipitation for a specific sub-basin is derived from
the nearest weather station. However, in the HEC-HMS model, a Thiessen Polygon
weighted rainfall is assigned for different sub-basins. The Thiessen Polygon weights are
user given. Since rainfall is the main input in a rainfall-runoff model this process might
have an impact on streamflow simulations as observed through the two hydrologic mod-
els. The HEC-HMS uses the Clark Unit Hydrograph method to simulate streamflow,
while the SCS-CN method is adopted in the SWAT model. The SCS-CN method accounts
for soil, land use, and slopes, while the Clark Unit Hydrograph accounts for the basin
shape, watershed storage, and timing. The above-mentioned reasons can be some of the
contributing factors to the variations in streamflow results obtained.

The above results also focus on parameter uncertainty and it is clear that better results
can be obtained using different parameter sets in different hydrological models. Addition-
ally, errors in the observed datasets make it difficult to perfectly determine the accuracy
of runoff predictions through hydrological modelling. The results of this study can be
further improved if observed data for evapotranspiration, wind speed, radiation, etc., are
available for comparison purposes. Moreover, the robustness of the hydrological model
changes according to the chosen time scale. It is recommended to determine suitable hy-
drological models using alternatives and also to determine hydrology using ensembles of
several model structures for tropical catchments.

6. Conclusions

A tropical watershed in northeastern Thailand, the Huai Bang Sai (HBS) was selected
in this research to compare the hydrologic performances of two widely used hydrologic
models the HEC-HMS and the SWAT. The current work was carried out for the period
2007-2014. For both models, the calibration was carried out at the kh.92 (Ban Kan Luang
Dong) hydrological station. The HEC-HMS model developed for the HBS watershed was
calibrated and validated and then compared with the earlier developed SWAT model. The
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R?and NSE obtained during the calibration process were 0.80 and 0.79, and 0.83 and 0.82
during validation in the HEC-HMS model. For the SWAT model, during calibration, these
indices yielded 0.83 and 0.82 and for validation, they were 0.78 and 0.77. The performance
of both models is deemed to be satisfactory. The SWAT model was able to capture high
flows compared to the HEC-HMS model more accurately for the 2007-2014 period,
whereas medium flows were captured through the HEC-HMS model more accurately.
Low flows were obtained with good accuracy by both models. In seasonal scales, the
SWAT models outperformed the HEC-HMS model. Hence, the SWAT model can be at-
tractive for both wet and dry seasonal flow simulations. The study results demonstrated
that the spatial discretization of the HBS watershed through the SWAT and HEC-HMS
models did not have a significant impact on response to streamflow simulations. The dif-
ferences in equations used to compute hydrologic processes did not demonstrate large
deviations in reproducing streamflow. Hence, both the SWAT and HEC-HMS are recom-
mended to be used in the tropical humid conditions in Thailand and elsewhere in the
world.
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